An alternative option pricing model is proposed, in which the asset prices follow the jump-diffusion model with square root stochastic volatility. The stochastic volatility follows the jump-diffusion with square root and mean reverting. We find a formulation for the European-style option in terms of characteristic functions of tail probabilities.
Introduction
Let   , ,P   be a probability space with filtration
. All processes that we shall consider in this section will be defined in this space. An asset price model with stochastic volatility has been defined by Heston [1] which has the following dynamics: 
Eraker et al.
[3] developed a likelihood-based estimation strategy and provided estimates of parameters, spot volatility, jump times, and jump sizes using S&P 500 and Nasdaq 100 index returns. Moreover, they examined the volatility structure of the S&P and Nasdaq indices and indicated that models with jumps in volatility are preferred over those without jumps in volatility. But they did not provide a closed-form formula for the price of a European call option.
In this paper, we would like to consider the problem of finding a closed-form formula for a European call option where the underlying asset and volatility follow the model (3). This formula will be useful for option pricing rather than an estimation of it as appeared in Eraker's work.
The rest of the paper is organized as follows. In Section 2, we briefly discuss the model descriptions for the option pricing. The relationship between stochastic differential equations and partial differential equations for the jump-diffusion process with jump stochastic volatility is presented in Section 3. Finally, a closed-form formula for a European call option in terms of characteristic functions is presented. , , , ,
By the two dimensional Dynkin formula [5] , u is a solution of the partial integro-differential equation (PIDE)
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A Closed-Form Formula for the Price of a European Call Option
Let C denote the price at time t of a European style call option on the current price of the underlying asset t S with strike price K and expiration time T .
The terminal payoff of a European call option on the underlying stock t S with strike price K is
This means that the holder will exercise his right only if T S K  and then his gain is
K , then the holder will buy the underlying asset from the market and the value of the option is zero.
Assuming the risk-free interest rate r is constant over the lifetime of the option, the price of the European call at time t is equal to the discounted conditional expected payoff 
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Note that 1 P is the risk-neutral probability that Pr ob( | , )
is the risk-neutral in-the-money probability. Moreover, 
C L v t k T C e v t e T C e v t e T C S v t K T
and satisfies the following PIDE:
Here the operator  as in (7) is defined by
In the current state variable, the last line of (8) 
C l v t k T e P l v t k T e P l v t k T
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The following lemma shows the relationship between 1 P  and 2 P  in the option value of (11).
Lemma 1
The functions 1 P  and 2 P  in the option value of (11) satisfy the following PIDEs   1 , , ; ,
moreover, 2 P  satisfies the equation
and subject to the boundary condition at expiration time t T  ;
  2 , , ; ,
The operator  is defined by 
Note that 1 1 
2) The characteristic function 2 f is given by
, , ; , exp
In summary, we have just proved the following main theorem.
Theorem 3 The value of a European call option of (4) is
C l v t k T e P l v t k T e P l v t k T
where 1 P  and 2 P  are given in Lemma 2.
Conclusions
This paper has proposed asset price dynamics to accommodate both jump-diffusion and jump stochastic volatility. Under this proposed model, an analytical solution is derived for a European call option via the characteristic function.
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Proof of Lemma 1. We plan to substitute (11) into (10). Firstly, we compute 
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We substitute all terms above into (10) and separate it by assumed independent terms of 1  P and 2  P . This gives two PIDEs for the risk-neutralized probability for ( , , ; , ) ,
: (Equation (15) 
subject to the boundary condition at the expiration time  t T according to (12) .
By using the notation in (14), PIDE (15) 
